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The stability of linseed (Linum usitatissimum) oil has been investigated through the exposition of
two different samples, linseed oil without antioxidant and linseed oil with roesemary (Rosmarinus
officinalis) extract, to ambient temperature conditions (25 °C) and refrigerator temperature conditions
(4 °C). The oxidation degree of linseed oil was characterized by acid value, peroxide value, which
present value for determination primary oxidation processes, and TBARS value expressed through
the percent of inhibition, which present value for determination secondary oxidation processes. Acid
value in all investigated samples was in the range from 1.90 to 1.97 mL/g. Peroxide value was in the
range from 1.27 to 3.27 mL/g. The percent of inhibition of oxidation in investigated samples was
from 10.41 to 11.10%. The storage conditions influence primary oxidation processes in oil, while the
presence of rosemary extract influences secondary oxidation processes.
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1. INTRODUCTION
Linseed (Linum usitatissimum L.), also known as flax, is widely
distributed annual plant from family Linaceae. The main prod-
ucts of this herbaceous plant are seeds, oil and fibers. Linseed
contains about 36-40% oil which is a rich source of polyunsat-
urated fatty acid, phytosterols, phospholipids, and vitamins
(Popa et al., 2012; Rudnik et al., 2001). The dominant fatty
acid in linseed oil is α-linolenic acid and its content is more
than 40% (Michotte et al., 2011; Symoniuk et al., 2017). The α-
linolenic acid is a ω-3 and essential fatty acid and it is reported
that the higher intake of it can decrease the production of pro-
inflammatory molecules and consequently the risk of cardio-
vascular diseases and cancer is reduced (Hasiewicz-Derkacz
et al., 2015). Moreover, consumption of ω-3 polyunsaturated
fatty acids has prophylactic and therapeutic benefits in case of
various diseases, such as type 2 diabetes, neurodegenerative
diseases, mental and hormonal disorders (Lange et al., 2019;
Simopoulos, 2002). On the other hand, polyunsaturated fatty
acids are highly prone to oxidation during the processing, stor-
age and usage. Oxidation processes lead to the deterioration
of oils and the formation of toxic compounds, such as lipid
hydroperoxides, aldehydes, ketones and radicals with harm-
ful effects on the biological molecules (Choe and Min, 2006;
Tan´ska et al., 2016). Furthermore, it is reported that the pro-
duction of ω-3 peroxides can be related to the lipid membrane
peroxidation, cell damage, and oxidative stress. Prevention of
oil oxidation processes and prolonging shelf life is possible by
adding natural or synthetic antioxidants (tocopherol, butylhy-
droxyanisole, butylhydroxytoluene, tert-butylhydroquinone)
(van Ruth et al., 2001). Today, there is an increased interest in
replacing synthetic antioxidants with natural ones. Phenolic
compounds, which are widely distributed in the plant king-
dom, are well known as antioxidants (Jovanovic´ et al., 2018). It
is reported that hydrophilic phenolic compounds are more ef-
ficient than hydrophobic synthetic antioxidants in preventing
oxidation of polyunsaturated fatty acids. Furthermore, caffeic
acid has been reported as a more efficient antioxidant than
butylhydroxyanisole in sunflower and corn oil (De Leonardis
et al., 2003; Roussis et al., 2008). Myricetin reduced the loss of
linoleic and α-linoleic acid in rapeseed oil (Chen et al., 1996).
Rosemary (Rosmarinus officinalis L.) has been attracted a lot
of attention as a source of antioxidants. Antioxidant activity
of rosemary is attributed to their phenol diterpenes such as
carnosic acid, carnosol and rosmarinic acid (Erkan et al., 2008).
Rosemary extract has been approved for use as a food addi-
tive in European Union countries by the European Food Safety
Authority (EFSA) in 2008. European Commission authorized
the use of rosemary extract in several foodstuffs, including
vegetable oil. Allowed concentration of rosemary extract is 30
or 50 mg/L(kg) for oils, depending on their type and purpose.
Moreover, rosemary extract (E 392) has been approved for
use in Republic of Serbia by Regulations on food additives,
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published in the Službeni glasnik RS, 53/2018. Allowed con-
centration E 392 in Republic of Serbia is the same as in the
European Union.
Taking into account previously mentioned, the aim of this
work was to investigate the influence of rosemary extract and
storage conditions on the stability of cold-pressed linseed oil.
The oxidation degree of linseed oil was characterized by acid
value, peroxide value, and TBARs value.
2. MATERIALS AND METHODS
2.1. Standards and reagents
Acetic acid, hydrochloric acid, ethanol and distilled water
were purchased from Zorka Pharma (Serbia). Thiobarbituric
acid and 3-chloroacetic acid were purchased from Sigma
Chemicals Co. (USA). Sodium hydroxide 0.1 mol/l and
sodium thiosulphate were purchased from Alfapanon (Serbia).
Petroleum ether, p-anisidine and iso-octane were purchased
from Fisher Chemical (UK). Chloroform and potassium iodide
were purchased from Carlo Erba (Spain). All chemicals used
in the experimental procedure were of analytical grade purity.
2.2. Plant material
Aerial parts of rosemary (Rosmarinus officinalis L.) were
collected in June 2018 from the collection of the Institute
for Medicinal Plant Research “Dr. Josif Pancˇic´“, Belgrade.
Voucher samples are stored in the Herbarium of the Institute
of Botany and Botanical Garden “Jevremovac”, Faculty of Bi-
ology, University of Belgrade; voucher No. (17487). Linseed
(L. usitatissimum L.) seeds were purchased from Institute for
Medicinal Plant Research “Dr. Josif Pancˇic´“, Belgrade (product
serial number 19750718, 19690718).
2.3. Rosemary extract preparation
Rosemary leaves were ground in laboratory mill. The extrac-
tion of rosemary leaves was performed in an ultrasonic bath
(40 kHz) at 50 °C, according to the procedure suggested by
(Wang et al., 2018). Ethanol in the concentration of 80% v/v
was used as a solvent, while plant/solvent ration was 1:20.
The extraction time was 30 minutes. Obtained liquid extract
was evaporated by a vacuum evaporator under 50 °C. The
obtained dry extract was collected and stored.
2.4. Characterization of rosemary extract
2.4.1. Total phenolic content
Folin–Ciocalteu (FC) colorimetric method was used for de-
termination of the total phenolic content (TPC) in extracts by
modified spectrophotometric method (Balijagic´ et al., 2012;
Waterman and Mole, 1994). The results were expressed as
milligrams of gallic acid equivalents per gram of dry extract
(mg GAE/g).
2.4.2. Radical scavenging activity
Radical scavenging activity of the extract was determined
by DPPH (2.2-diphenyl-1-picrylhydrazyl) assay (Blois, 1958)
with slight modifications. One hundred µL of the 50 mg/kg
extract solution in 80% ethanol and 1400 µL of methanolic
solution of DPPH (40 µg/mL) were mixed and incubated for
20 minutes in the dark at room temperature. The absorbance
of the reaction mixture was measured at 517 nm. For the
control one hundred of 80% v/v ethanol was used instead of
extract solution. The percentage of neutralization of DPPH
radical was calculated using the equation:
Inhibition of DPPH radical (%) = 100− ( Asample
Acontrol
× 100)
where Asample is the absorbance of the test sample and Acontrol
is the absorbance of control.
2.5. Linseed seed oil extraction
Linseed seed oil was obtained by the domestic oil press
(OP650W, Gorenje Group, Slovenia). Cold pressing technol-
ogy was applied and temperature was below 50 °C during
the pressing. The obtained oil was characterized in terms
of acid value and peroxide value, immediately. Two sam-
ples, linseed seed oil without antioxidant and linseed seed
oil with rosemary extract in concentration according to the
EFSA (50 mg/kg), were prepared. Both samples were stored
at following conditions: in refrigerator (4 °C) and at ambient
temperature (25 °C) for a month. The oil samples were char-
acterized in terms of acid value, peroxide value and TBARS
value.
2.6. Characterization of linseed oil
2.6.1. Acid value
The acid value (Ia) was determined according to the procedure
of the European pharmacopeia (Ph.Eur.8.0., 2013). Oil (10 g)
was dissolved in 50 mL of a mixture of equal volumes of
ethanol and petroleum ether. Phenolphthalein was used as
an indicator. The mixture was titrated with 0.1 M potassium
hydroxide until pink color persists for at least 15 s. Blank test
was carried out under the same conditions. Acid value was
calculated using the following equation:
Ia =
5.61× n
m
where n is the difference between the volume of potassium
hydroxide required titration the oil sample and volume of
potassium hydroxide required for titration blank test (mL)
and m is mass of oil sample (g). Acid value was expressed as
mL of potassium hydroxide per 1 g of the oil (mL/g).
2.6.2. Peroxide value
The peroxide value (Ip) was determined according to the
method A of the European pharmacopeia (Ph.Eur.8.0., 2013)
with slight modification. Oil (5 g) was dissolved in 50 mL mix-
ture of chloroform and ethanol in ration 2:3. Potassium iodide
(1 mL) was added and shake for 1 min. Than was added 100
mL of water. The mixture was titrated with 0.01 M sodium
thiosulphate until yellow color was almost discharged. Starch
solution (5 mL) was added and titration was continuing until
color is discharged. Blank test was carried out under the same
conditions. Peroxide value was calculated using the following
equation:
Ip =
10× (n1 − n2)
m
where n1 is the volume of potassium thiosulphate required
titration the oil sample, n2 is volume of potassium thiosulphate
required for titration blank test (mL), and m is mass of oil
sample (g). Peroxide value was expressed as mL of potassium
thiosulphate per 1 g of the oil (mL/g).
2.6.3. TBARS value
Thiobarbituric acid reactive substances (TBARS) were deter-
mined according to the method described by Buege and Aust
(1978). The thiobarbituric acid solution was obtained by dis-
solving 0.375 g thiobarbituric acid in 100 mL 0.25 M solution
of hydrochloric acid in which 15 g of 3-chloroacetic acid was
previously dissolved. Thiobarbituric acid solution (2.5 mL)
was added in 0.5 g oil, heating in a boiling water bath (95-100
°C) for 10 min, cooled by water and then sonicated for 30 min.
After the sonication mixture was centrifuged at 3000 rpm for
10 min. The absorbance of the supernatant was measured at
532 nm. TBARS value expressed through percent inhibition of
oxidation and calculated using the following equation:
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Fig. 1. Quality parameters of linseed oil; acid value (A), peroxide value (B) and TBARS (C) for investigated samples (O – linseed oil character-
ized immediately, OR - linseed oil without rosemary extract stored in refrigerator, OA - linseed oil without rosemary extract stored at ambient
temperature, ORE - linseed oil with rosemary extract stored in refrigerator, OAE - linseed oil with rosemary extract stored at ambient tempera-
ture)
Inhibition of oxidation (%) =
1− Asample
Acontrol
× 100
where Asample is the absorbance measured in the oil sample
and Acontrol is the absorbance measured in total oxidized oil
sample without the protection of antioxidants.
2.7. Statistical analyses
All experimental measurements were carried out in triplicate
and the results are expressed as the average of three measure-
ments ± standard deviation. Differences among mean values
were estimated by post hoc Duncan’s MR test. Statistical anal-
ysis was performed using the MS Office Excel v. 2010, while
charts were produced in R Base Plot environment (CRAN).
3. RESULTS AND DISCUSSION
3.1. Characterization of rosemary extract
Rosemary dry extract, which was used for the stabilization
of linseed seed oil was characterized by high TPC (347.74 mg
GAE/g). Phenolic components are the main antioxidant com-
pounds in the rosemary extract and because of that TPC was
a good indicator of extract antioxidant activity. Furthermore,
the effect of rosemary extract on the stabilization of linseed oil
is a result not only of its phenolic components, but also a syn-
ergistic effect with self-containing tocopherols in the oil (Wang
et al., 2018). The percentage of neutralization of DPPH radical
of extract in a concentration used for stabilization of oil (50
mg/kg) was 4.77%. Wang et al. (2018) reported that the rose-
mary extract obtained by the same method as in our study has
shown favorable oxidative stability and preservation efficacy
in comparison to the α-tocopherol and butylhydroxytoluene
in linseed oil.
3.2. Effect of the presence of rosemary extract and storage
conditions on oil stability
3.2.1. Acid value
The acid value measures free fatty acids, which indicates the
extent of hydrolytic rancidity. Cleavage of a free fatty acid
from a parent molecule shows hydrolytic breakdown and is
often used in whole biological systems as an indication of
stress. According to the Ph.Eur.8.0. (2013) the maximum acid
value of virgin linseed oil, which present fatty oil obtained by
cold expression from ripe seeds of linseed is 4.5. Acid value
in all investigated samples was less than 4.5 mL/g and it was
in the range from 1.90 to 1.97 mL/g. Lower and statistically
significantly different acid values after one month of storage
were in the samples with and without rosemary extract stored
in the refrigerator (Fig. 1A). Compared two samples stored
at a different temperature it can be concluded that storage
temperature has an influence on stability linseed oil in terms
of acid value for the investigated storage period. Compared
two samples, linseed oil without and with rosemary extract
can be concluded that rosemary extract has no influence on
stability linseed oil in terms of acid value for the investigated
storage period.
3.2.2. Peroxide value
Primary oxidation processes were expressed through peroxide
value. In general, the lower the peroxide value, the better the
quality of the oil. The maximum allowed peroxide value for
linseed seed oil according to the Ph.Eur.8.0. (2013) is 15. Per-
oxide value in all investigated samples was less than 15 mL/g
and it was in the range from 1.27 to 3.27 mL/g. The peroxide
value in linseed oil samples stored in the refrigerator were
not significantly different from peroxide value determined in
fresh oil, and it was significantly lower than peroxide value
in oil samples stored at ambient temperature (Fig. 1B). The
storage conditions significantly affected peroxide value. The
peroxide value was higher about two times in samples stored
at ambient temperature than samples stored in the refrigerator.
3.2.3. TBARS value
The TBARS value is a method to investigate secondary ox-
idative aldehyde products. One of the compounds produced
from secondary oxidation in lipids is MDA (malondialdehyde)
which can be measured by the TBARS method (Mohd Azman
et al., 2014). The percent of inhibition of oxidation in inves-
tigated samples was from 10.41±0.52 to 11.10±0.32%. The %
inhibition of oxidation did not differ statistically in investi-
gated samples (Fig. 1C).
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CONCLUSION
Effect of the presence of rosemary extract and storage condi-
tions on stability of linseed oil was investigated. The storage
conditions have influence on primary oxidation processes
in oil for the investigated storage period (1 month), while
presence of rosemary extract has no influence on oxidation
processes. From the present study it can be concluded that
storage of linseed oil at refrigerator temperature can improve
stability of linseed oil.
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